Background: In schizophrenic psychoses, the normal sexual dimorphism of the brain has been shown to be disrupted or even reversed. Little is known, however, at what time point in emerging psychosis this occurs. We have therefore examined, if these alterations are already present in the at-risk mental state (ARMS) for psychosis and in first episode psychosis (FEP) patients. Methods: Data from 65 ARMS (48 (73.8%) male; age = 25.1 ± 6.32) and 50 FEP (37 (74%) male; age = 27 ± 6.56) patients were compared to those of 70 healthy controls (HC; 27 (38.6%) male; age = 26 ± 4.97). Structural T1-weighted images were acquired using a 3 Tesla magnetic resonance imaging (MRI) scanner. Linear mixed effects models were used to investigate whether subcortical brain volumes are dependent on sex. Results: We found men to have larger total brain volumes (p b 0.001), and smaller bilateral caudate (p = 0.008) and hippocampus volume (p b 0.001) than women across all three groups. Older subjects had more GM and WM volume than younger subjects. No significant sex × group interaction was found. Conclusions: In emerging psychosis there still seem to exist patterns of normal sexual dimorphism in total brain and caudate volume. The only structure affected by reversed sexual dimorphism was the hippocampus, with women showing larger volumes than men even in HC. Thus, we conclude that subcortical volumes may not be primarily affected by disrupted sexual dimorphism in emerging psychosis.
Schizophrenic psychoses are potentially severe mental disorders, affecting approximately 0.48% of the population worldwide (Simeone et al., 2015) and typically emerging in late adolescence or early adulthood (Häfner et al., 1992; Riecher-Rössler et al., 2007) . They are associated with structural changes in the brain (Bora et al., 2011a; Dukart et al., 2017; Schmidt et al., 2017) , cognitive impairments (Bora and Pantelis, 2015; Bora et al., 2010) as well as positive (i.e., delusions, hallucinations (Häfner et al., 1992) ) and negative (i.e., alogia, social withdrawal (Carbon and Correll, 2014) ) symptoms. To prevent poor outcome in patients at risk for psychosis it is important to detect these patients as early as possible. The identification of so-called at-risk mental state (ARMS) patients based on clinical signs (Yung et al., 1998; Yung et al., 2004 ) is a promising approach (Kim et al., 2011; Riecher-Rössler et al., 2009; Riecher-Rössler and Studerus, 2017) . ARMS patients experience an increased risk for developing psychosis, with a transition rate of about 32% within 3 years after initial presentation . Although many factors have been associated with the risk of transition to psychosis (i.e., impaired cognitive functioning (Bora et al., 2014; Fusar-Poli et al., 2012b; Hauser et al., 2017 ), brain structural alterations (Fusar-Poli et al., 2012c) ; for review see ; Studerus et al. (2016) ) it is still not possible to reach sufficient accuracy in the calculated prediction of psychosis. Apart from methodological problems , one of the factors contributing to this may be the different disease trajectories male and female patients experience.
Sex differences in age of onset (Eranti et al., 2013; Häfner et al., 1991) , clinical course and functional impairment (Thorup et al., 2007) are well documented in schizophrenia. Men have a higher incidence (1.15-fold greater) than women (van der Werf et al., 2014) but there are no sex differences in prevalence (McGrath et al., 2008) . Female onset is typically later, with a second peak post-menopause (Falkenburg and Tracy, 2014; Häfner et al., 1992) . Some report men to show more negative but less depressive symptoms (Abel et al., 2010; Ochoa et al., 2012) and have a poorer prognosis than women Schizophrenia Research xxx (2018) xxx-xxx (Walder et al., 2013) , whereas positive symptoms differ in content between sexes (Falkenburg and Tracy, 2014) . Furthermore, women seem to have a better response to antipsychotics (Crawford and DeLisi, 2016; Riecher-Rössler and Häfner, 1993; Riecher-Rössler and Kulkarni, 2010) .
A recent review on sex differences in ARMS reported male ARMS patients to present with more negative symptoms, worse social functioning and longer duration of untreated illness (Barajas et al., 2015) . Furthermore, several studies reported neurocognitive impairments to differ between sexes, with female patients performing better especially on verbal tasks and male patients performing better on selective/working memory tasks (Ittig et al., 2015; Walder et al., 2008; Walder et al., 2015) . Brain structural alterations are already evident in ARMS patients, before the first psychotic symptoms emerge (Dazzan et al., 2015) and include gray and white matter volume reductions of prefrontal (Cannon, 2015; Smieskova et al., 2013) , temporal Smieskova et al., 2013) and cingulate cortices (Fusar-Poli et al., 2012c; Fusar-Poli et al., 2014; Smieskova et al., 2013) , parahippocampal gyrus and hippocampus (Fusar-Poli et al., 2012c) , and caudate (Smieskova et al., 2013) . However, all of the aforementioned structural alterations in ARMS have not been investigated with a specific focus on sex differences. Sex, or in meta-analyses the gender ratio, was usually incorporated as covariate, thereby controlling for its potential influence. Nevertheless, one recent study (Savadjiev et al., 2016) found a reversal of the normal sexual dimorphism in white matter geometry of the corpus callosum in a sample of 35 subjects at familial high risk for psychosis compared to HC.
However, several methodological limitations (e.g., sampling bias, gender differences in help-seeking, diagnostic differences across studies regarding the at-risk state, or medication status (Crawford and DeLisi, 2016) make it difficult to generalise the results.
Results from structural studies showed that healthy men have larger white matter volumes than women (Paus et al., 2010) , whereas women have a higher percentage of gray matter (Cosgrove et al., 2007) and present with a larger gray matter-white matter ratio than men (Sacher et al., 2013) . Furthermore, males have larger total brain (Cosgrove et al., 2007) and intracranial volume (Tan et al., 2016) than females across all ages (Giedd et al., 2012) . Brain structures affected by sex in healthy subjects are white matter volumes of the corpus callosum (Ardekani et al., 2013; Sacher et al., 2013) and cingulate cortex (Sacher et al., 2013) , as well as gray matter volumes of the caudate nucleus and hippocampus (all structures lager in women than in men) and amygdala (Giedd et al., 2012) and cerebellum (Giedd et al., 2012; Wang et al., 2012) (both smaller in women than in men). These structural differences in healthy men and women are also referred to as sexual dimorphism, a term which we will further employ in this study.
Disrupted patterns of normal morphological sexual dimorphism in schizophrenia have been found for volumes of amygdala (Gur et al., 2004; Gur et al., 2000b; Takayanagi et al., 2011) , hippocampus (Irle et al., 2011) , hypothalamus (Goldstein et al., 2007) , as well as orbitofrontal (Gur et al., 2000a) , anterior cingulate (Goldstein et al., 2002; Takahashi et al., 2002) , and insular cortex (Duggal et al., 2005) . Furthermore, evidence for a disrupted sexual dimorphism has been found for asymmetry, which refers to neuroanatomical differences between the left and right hemisphere of the brain, of gray matter volume in the inferior parietal lobe (Frederikse et al., 2000) , in the white matter geometry of the torque (i.e., female brains were more asymmetric than males whereas in HC male brains tend to be more asymmetric than female brains (Savadjiev et al., 2014) ), in the gyrification index (Vogeley et al., 2000) , and in the cortical folding of the right superior frontal cortex (Narr et al., 2004) .
Especially in the field of neuroanatomical studies, sexual dimorphism in brain structure and particularly subcortical volumes of ARMS patients has largely been neglected, even though evidence for a disruption of normal sexual dimorphism in schizophrenia is given (Falkenburg and Tracy, 2014; Walder et al., 2015) . Thus, the aim of the present study was to investigate the influence of sex on subcortical brain volumes (i.e., amygdala, accumbens, caudate, hippocampus, pallidum, putamen, and thalamus) in ARMS patients and compare those to FEP patients and HC. Based on the existing literature on sexual dimorphism in HC and Schizophrenia, we hypothesized that 1) normal sexual dimorphism will be found in HC; 2) sexual dimorphism as found in HC is no longer present in FEP patients; 3) ARMS patients show patterns of diminished sexual dimorphism, but not to the same extent as in FEP patients.
Materials and methods

Setting and recruitment
All data analysed in this study were collected by the specialized "Früherkennung von Psychosen" (FePsy) clinic at the University of Basel Psychiatric Hospital, Basel, Switzerland. A more detailed description of the overall study design can be found elsewhere (RiecherRössler et al., 2007; Riecher-Rössler et al., 2009) . Patients were recruited between July 2008 and May 2016 and included if they had complete 3 Tesla MRI data. The HC were gathered from the same geographical area as the patient groups and recruited via hospital staff and online advertisement. They were only included into the study if they had no current psychiatric disorder, no history of psychiatric illness, head trauma, neurological illness, serious medical or surgical illness, or substance abuse, and no family history of any psychiatric disorder as assessed by an experienced psychiatrist in a detailed clinical assessment (Smieskova et al., 2012a,b) . The study was approved by the Ethics Committee northwest/central Switzerland (EKNZ). All participants provided written informed consent.
Screening procedure
The ARMS and FEP status was assessed using the Basel Screening Instrument for Psychosis (BSIP) (Riecher-Rössler et al., 2008) which is based on the Personal Assessment and Crisis Evaluation (PACE) criteria by Yung et al. (1998) . Inclusion required one of the following: a) attenuated psychotic-like symptoms (APS), b) brief limited intermittent psychotic symptoms (BLIPS), c) a first or second degree relative with a psychotic disorder in combination with at least two further risk factors similar to the PACE criteria (Yung et al., 1998) or d) a minimal amount and combination of certain risk factors according to the BSIP (RiecherRössler et al., 2008 ) (see Table 1 ). All ARMS patients were followed-up at regular intervals (monthly during the first year after initial presentation, quarterly during the second and third year, and annually thereafter) to distinguish those ARMS patients with later transition to psychosis (ARMS-T) from those who did not transition (ARMS-NT). Exclusion criteria were age b18 years, insufficient knowledge of German, IQ b70, previous episode of schizophrenic psychosis (treated with antipsychotics for N3 weeks (lifetime) and/or a total lifetime chlorpromazine equivalent (CPE) dose of 2500 mg), psychosis clearly due to organic reasons or substance abuse, or psychotic symptoms within a clearly diagnosed affective psychosis or borderline personality disorder.
Psychopathological assessment
Positive psychotic symptoms (i.e., hallucinations, suspiciousness, unusual thought content and conceptual disorganisation) were assessed with the Brief Psychiatric Rating Scale Expanded Version (BPRS-E) (Lukoff et al., 1986; Velligan et al., 2005; Ventura et al., 1993) .
Image acquisition
Structural images were acquired using a 3 Tesla magnetic resonance imaging (MRI) scanner (Magnetom Verio, Siemens Healthcare, Erlangen, Germany) with a 12-channel phased-array radio frequency head coil at the University Hospital Basel. Participants were given earplugs and noise-cancellation headphones. Foam pads on each side of the headphones were used to minimise head motion during the scans. A 3D T1-weighted magnetisation prepared rapid gradient echo (MPRAGE) sequence was used with the following parameters: inversion time = 1000 ms, flip angle = 8°, TR = 2 s, TE = 3.37 ms, bandwidth = 200 Hz/pixel, FOV = 256 × 256 mm 2 , acquisition matrix = 256 × 256 × 176, resulting in 176 contiguous sagittal slices with 1 × 1 × 1 mm 3 whole-brain isotropic spatial resolution.
All scans were screened for gross radiological abnormalities by resident neuroradiologists.
Image processing
All image processing steps were conducted according to the "ENIGMA1 -GWAS Meta Analysis of Hippocampal, Intracranial and Total Brain Volume" guidelines (http://enigma.ini.usc.edu/) using the FMRIB software library (FSL) 5.0 (Jenkinson et al., 2012) running on Ubuntu version 16.04. Volumetric segmentation of subcortical structures was estimated on the whole-brain T1-weighted data sets by applying the FMRIB's Integrated Registration and Segmentation Tool (FSL-FIRST) (Patenaude et al., 2011) . Furthermore, in order to extract the different brain tissue volumes for normalisation purposes, all images were skull stripped using FSL-BET (Smith, 2002) , aligned to the Montreal Neurological Institute (MNI) 152 FSL standard brain using FSL-FLIRT (Jenkinson et al., 2002; Jenkinson and Smith, 2001 ) and segmented into white matter (WM), gray matter (GM) and cerebrospinal fluid (CSF) using FSL-FAST (Zhang et al., 2001) . The resulting brain tissue volumes could then be calculated according to the results from the FSL-FAST partial volume maps and the total brain volume was extracted according to the sum of WM, GM and CSF.
Image quality assessment
First, all data sets were checked for overall quality, coverage of whole brain, contrast between WM and GM and presence of noise and artifacts. Second, to check the whole brain volume, all skull stripping files were controlled to ensure that the whole brain images were cropped correctly. In a further step, the alignment of each brain image was controlled with regard to the reference brain (MNI 152 sample). Third, all segmentation files were controlled for the alignment of the subcortical volumes. Fourth, all volumes were plotted for each subject individually to detect outliers. In case of successful fulfillment of the quality assessment steps the volumetric data were included for statistical analyses (see Table 2 for information on the volumes of each subcortical structure under investigation).
The following exclusion criteria were fulfilled and led to a removal of data sets before further analyses: motion artifacts (N = 6), shift of the interhemispheric fissure (N = 1), incorrect skull stripping (N = 1), and abnormal inclination of head (N = 1).
Statistical analyses
All analyses were conducted using the R environment for statistical computing, R version 3.4.0 (R Core Team, 2016) . Sex, use of antipsychotics, antidepressants, and anxiolytics were compared between groups with Pearson's chi-square tests. Age and years of education were compared with ANOVA. Current use of cannabis was analysed using Fisher's Exact test and BPRS total score was compared with independent t-test. For ease of interpretation of the brain structural volumes the following steps were applied: 1) the cube root was taken, 2) volumes were normalised to the individual whole brain volume by dividing them by the total brain volume, 3) volumes were centred and scaled (i.e., z-transformed).
To analyse group and sex differences in total brain, GM and WM volume, we used multiple linear regression models. For each volume, a linear regression model was fitted that included the brain structural volume as dependent variable and group, sex, and age as independent variables. Additionally, the models included an interaction term between group and sex.
Since all subcortical structures were measured bilaterally we analysed them with linear mixed effects models (LME) using the lme4 package in R (Bates et al., 2015) . For each subcortical structure an LME model was fitted including the volume as dependent variable and sex, group, hemisphere, and age as independent variables. Additionally, the models included all possible interaction terms between sex, group, and hemisphere and a per subject randomly varying intercept. Significance values of the LME models where estimated using the Kenward • At least one of the following symptoms: Suspiciousness (BPRS ≥ 5): says others are talking about him/her maliciously, have negative intentions or may harm him/her (incidents more than once a week OR partly delusional conviction). Unusual thought content (BPRS ≥ 5): full delusion(s) with some preoccupation OR some areas of functioning disrupted (not only ideas of reference/ persecution, unusual beliefs or bizarre ideas without fixed delusional conviction).
Hallucinations (BPRS ≥ 4): occasional hallucinations OR visual illusions N2/week or with functional impairment (not only hearing of own name, non-verbal acoustic or formless visual hallucinations/illusions). Conceptual disorganisation (BPRS ≥ 5): speech difficult to understand due to circumstantiality, tangentiality, neologisms, blockings or topic shifts (most of the time OR three to five instances of incoherent phrases).
• Symptoms at least several times a week.
• Change in mental state lasting N1 week.
Note. Criteria A) and B) correspond to those of Yung et al. (1998) . Criterium C) additionally permits the inclusion of individuals at lower risk, i.e., of patients without pre-psychotic symptoms or genetic risk who only exhibit a combination of certain unspecific risk factors and indicators such as prodromal symptoms or marked social decline (unspecific risk group). Patients with first-episode psychosis (FEP) are those who at intake already fulfil the criteria for transition to psychosis as defined by Yung et al. (1998) .
Roger modification of F-tests (Halekoh and Højsgaard, 2014; Kenward and Roger, 1997) for LME using the ANOVA function of the car package (Fox and Weisberg, 2011) in R with the option test.statistic = "F" and type III sums of squares (Supplementary File 1 shows the R code in detail).
In case of significant interaction effects, post-hoc analyses were conducted within each diagnostic group separately.
P-values were corrected for multiple testing across all tested brain structures using the false discovery rate (Benjamini and Hochberg, 1995) .
Results
In total, 65 ARMS and 50 FEP patients fulfilled the inclusion criteria (see Table 3 for sociodemographic and clinical sample characteristics) and were compared to 70 HC. In the HC group there were significantly more women than in the ARMS and FEP groups. Compared to ARMS patients, FEP patients showed a significantly higher total score on the Brief Psychiatric Rating Scale (BPRS). While ARMS hardly had any intake of antipsychotic medication, some FEP patients had taken antipsychotics for a short time period (cumulative CPE dose b 2500 mg). Furthermore, both ARMS and FEP patients had significantly less years of education compared to HC.
When comparing women against men across all groups, women showed significantly more years of education than men (see Table 3 ). On all other variables no significant sex differences were found.
Men had significantly larger total brain volume (p b 0.001) and smaller caudate (p = 0.008) and hippocampus (p b 0.001) volumes than women. There were no interactions between sex and hemisphere and sex and group, indicating that these sex differences were independent of hemisphere and diagnostic group (see Supplementary Table 1) .
Brain volumes did not differ between diagnostic groups. However, there was a significant interaction between group × hemisphere for the dependent variable thalamus volume (p = 0.016). Analyses of simple main effects revealed that this was due to significantly larger left than right thalamus volumes in HC (F(1, 69) = 5.3887, p = 0.023) and significantly larger left than right thalamus volumes in ARMS patients (F(1, 64) = 8.6831, p = 0.005) (see Fig. 1.A) . When further investigating the subgroups of ARMS with (ARMS-T; mean follow-up duration = 1.36 ± 1.45 years; min = 0.08 years) and without later transition to psychosis (ARMS-NT; mean follow-up duration = 3.94 ± 0.97 years; min = 2.13 years), there was no main effect of sex and no significant interaction between sex and group. However, both ARMS-NT (F(1, 36) = 4.5109, p = 0.041) and ARMS-T (F(1, 17) = 4.5008, p = 0.049) patients had significantly larger left and smaller right thalamus (see Fig. 1.B) .
Age was significantly positively associated with GM and WM volumes (both p b 0.001).
All of the above reported results did not change when subjects with current antipsychotic medication were excluded. Results also remained stable for the main effects when analyses of subgroups ARMS-NT and ARMS-T were conducted (for whole and antipsychotic-naïve sample).
Discussion
We found normal sexual dimorphism of total brain and bilateral caudate volume across all groups. Reversed sexual dimorphism was found for bilateral hippocampus volume, again across all three groups. In contrast to our hypothesis, we did not find evidence for disrupted sexual dimorphism in subcortical brain volumes in emerging psychosis. Moreover, our results indicate a significant effect of age, with higher GM and WM volumes in older compared to younger subjects. Unexpectedly, we did not find any group differences between HC and the patient groups.
Our finding of larger total brain volumes in men than in women is supported by a recent meta-analysis on sex differences in the healthy human brain (Ruigrok et al., 2014) . The authors also reported men to have larger brain volumes than women. Thus, our results suggest that total brain volume remains sexually dimorphic even in emerging psychoses and may therefore not be useful to discriminate those subjects with subsequent transition to frank psychosis from those who won't transition to psychosis.
The observed main effect of sex regarding higher volumes of bilateral caudate in women compared to men are well in line with a review by Giedd et al. (2012) reporting proportionately larger caudate in women across different ages and different applied methodologies. Our results indicate that the caudate is well affected by sex but not by group, even though Smieskova et al. (2013) reported the caudate to be associated with prodromal symptoms in patients with a clinical high risk for psychosis. However, their review focused on longitudinal studies and we may not have found evidence for group differences due to the cross-sectional nature of this study. Another reason may be the differential conceptualizations of the at-risk state for psychosis leading to distinct study inclusion criteria regarding when the at-risk status is fulfilled and when not (i.e., in-/exclusion of unspecific symptoms; for overview see Fusar-Poli et al. (2013a) ).
We found enlarged bilateral hippocampus volumes in women compared to men, which contradicts the meta-analysis of Ruigrok et al. (2014) reporting men to have larger GM volume in bilateral hippocampi. Our results even persisted, when the patient (p b 0.002) and the HC groups (p b 0.005) were investigated separately. However, Neufang et al. (2009) found in a sample of 46 males and 46 females aged 8-15 years that hippocampal size was larger in girls. Accordingly, Giedd et al. (1997) described in their study of 121 healthy children and adolescents hippocampal volume to increase for both sexes over time, but more in females than in males. This may probably be due to an increased amount of estrogen receptors in the hippocampus (Giedd et al., 1997; Sholl and Kim, 1989) as the hippocampus is, just as the caudate, a structure rich in sex steroid receptors (i.e., estrogen receptors) (Giedd et al., 2012; Morse et al., 1986) . Some authors also reported that testosterone levels predicted hippocampal size in females, with larger hippocampus in younger females (Neufang et al., 2009) .
Furthermore, the hippocampus is one of the stress response regions, which is regulated by the coordinated action of hypothalamic-pituitary-gonadal (HPG) and hypothalamic-pituitary-adrenal (HPA) axis hormones (Goldstein et al., 2015) . Hence, we may speculate that the observed pattern of sexual dimorphism across HC and emerging psychosis might be due to higher stress levels in men than in women, leading to a neuro-hormone deficit in the male hippocampus (Goldstein et al., 2015) and in consequence to a decreased volume. Conjunctly, early stressful life events such as childhood maltreatment may later manifest in enhanced stress sensitivity (Gorka et al., 2014; Lardinois et al., 2011) and hypo-or hypercortisolemia (Wieck et al., 2014) and have been reported to be associated with reduced hippocampus volume (Frodl and O'Keane, 2013) in healthy males, but not in females (Samplin et al., 2013) .
Regarding the thalamus, we observed an interaction effect of group × hemisphere suggesting that ARMS patients have a significantly larger left and smaller right thalamus volume. When further investigating the ARMS group, and comparing those with (ARMS-T) and without (ARMS-NT) later transition to psychosis, results suggested that the significant between-group difference was due to both ARMS-NT and ARMS-T which had larger left and smaller right thalamus volumes. Even though ARMS-T and ARMS-NT patients showed a similar pattern of larger left than right thalamus volumes as HC, the difference between left and right hemisphere was significantly larger in ARMS than in HC. In a review of meta-analyses the authors found the thalamus to be the second most often reported structure to present with a patient (schizophrenia and bipolar disorder)-control difference (Crow et al., 2013) . However, the findings on volumetric decreases in thalamus are somewhat inconsistent. Some studies reported higher volumetric decreases in the right thalamus 2008; Yu et al., 2010) . Another study on repeated MRI scans in 60 adolescent subjects reported heterogeneous maturation in the thalamus, with more pronounced thalamus volume decreases in the left hemisphere (Dennison et al., 2013) . The authors also reported that this volumetric decrease was moderated by sex, with a significant effect for female subjects but not for males. Furthermore, a multimodal meta-analysis (Cooper et al., 2014) reported hypo-activation of the left thalamus in subjects at familial risk for psychosis and integrated this finding in the large body of findings on altered size, shape and structure of the thalamus in genetic and clinical high risk for psychosis patients as well as the reported hypo-activation in schizophrenia patients. Hence, we may speculate that the larger left thalamus found in our ARMS sample could be a compensatory reaction to adverse life events or perceived stress and in turn have prevented in some ARMS patients a probable transition to psychosis. In line with this hypothesis would be a recent study in mice, which reported higher thalamus volumes to be associated with lower social avoidance scores in resilient mice (Anacker et al., 2016) . However, our finding remains controversial and may not ultimately be resolved based on the present data, especially due to the unequal group sizes and imbalanced sex ratio in our sample of ARMS-T and ARMS-NT patients.
The higher GM volumes in older participants may be an indicator for the stated inverse U shaped developmental trajectories in cortical GM volumes in longitudinal studies, which can reach peak sizes at different ages in different regions (Giedd et al., 2012) . In contrast to the GM volume trajectories, WM volume increases mainly over the first four decades (Giedd et al., 2012) . Thus, our results regarding GM and WM volumes in a relatively young sample may be indicative for developmental trajectories of the very same towards their estimated peak points. However, this finding needs further elucidation in longitudinal analyses to draw firm conclusions and may not be resolved solely based on the present data.
Interestingly, we could not observe any significant between-group or between-sex differences regarding amygdala, putamen and pallidum volumes. These subcortical structures have been described in the literature to be sexually dimorphic (Giedd et al., 2012; Ruigrok et al., 2014) . Giedd et al. (2012) reported in their review putamen and pallidum volume to be larger in young adult men, whereas the amygdala has been reported to be proportionately larger in adult and adolescent men (Abel et al., 2010) . Furthermore, WM volume has been described to increase more rapidly in men, supposedly due to enhanced testosterone levels (Perrin et al., 2008) . However, the effect sizes derived from Ruigrok et al. (2014) and Giedd et al. (2012) differed (amygdala: d′ = 0.16 right / 0.19 left − 0.79; putamen: d′ = 0.12 right /0.11 left − 0.611; pallidum: d′ = 0.19 − 0.625). Hence, the lack of positive results regarding these subcortical volumes in our study may be due to the reasonable but not huge sample size and to the imbalanced sex ratio between groups.
Changes in GM volumes in FEP or schizophrenia patients might also be due to the effects of antipsychotic medication (Dazzan et al., 2015; Fusar-Poli et al., 2013b) . A meta-analysis by our group (Fusar-Poli et al., 2013b) provided evidence for progressive brain changes in schizophrenia patients when compared to HC, with longitudinal decreases in GM volume in schizophrenia patients being associated with higher cumulative exposure to antipsychotic medication over time, while no effects were observed for duration of illness and severity of symptoms. However, as we only analysed cross-sectional data and our patient sample had not received a cumulative CPE dose higher than 2500 mg at the time of MRI acquisition, we may not draw any firm conclusions on the impact of antipsychotic medication in our sample. However, when we repeated our analyses with only antipsychotic-naïve patients, no different results emerged.
Schizophrenia has early neurodevelopmental origins, which later manifest through disrupted neuromaturational processes (Walker and Bollini, 2002) . Neurobiological stress (Walker and Diforio, 1997) has to be taken into consideration as well as perinatal complications affecting brain development (Walder et al., 2014) and genetic liability (Lichtenstein et al., 2009; Wray and Gottesman, 2012) . Additionally, dopaminergic dysregulation, disturbed glutamatergic neurotransmission and increased proinflammatory status of the brain as well as the so-called Polygenic Schizophrenia-related Risk Score (PSRS; referring to the polygenic predisposition for schizophrenia in a clinical sample) (Harrisberger et al., 2016; Lencz et al., 2014 ) may contribute to brain changes before the onset of psychosis. Hence, these findings emphasize the need of taking evidence from genetic, neuroimaging and treatment studies into account when further investigating the possible causes of emerging psychoses. 
Limitations
The following limitations have to be taken into account. Firstly, only about a third of the patients in our patient sample were female whereas in the HC sample only about a third of subjects were male. This unequal sex distribution may have prevented significant between-group sex differences. Moreover, when investigating ARMS-T and ARMS-NT the sex distribution got even more unbalanced due to the unique characteristics of these subgroups. Thus, the results of these analyses should be interpreted with certain precaution. Pooling data for future analyses on sex differences are indicated to overcome the issue of imbalanced gender ratios in clinical and control samples.
Secondly, our results may not resolve the question of asymmetry since in our analyses we only corrected the subcortical volumes for individual total brain volume, but not for hemispherical (left/right) volume. Hence, we may not draw any conclusions regarding asymmetry.
A third point deserving attention is the cross-sectional nature of this study, which precluded the detection of subtle changes in subcortical volumes over time. Future studies warrant longitudinal data analysis to detect sex-specific and sex-dependent changes in subcortical brain volumes over time.
Conclusion
We found patterns of normal sexual dimorphism in total brain volume and caudate volume, which are in line with those reported in recent meta-analyses and reviews. The only structure affected by a reversed sexual dimorphism was the hippocampus. However, this finding was consistent across all three groups. We suggest that subcortical volumes are not afflicted by a disrupted or even reversed sexual dimorphism in emerging psychosis and may hence not be used for the prediction of transition to psychosis.
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